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Sasa quelpaertensis Nakai is a native Korean plant that grows only on Mt. Halla of Jeju Island. Its leaf
is used for a popular bamboo tea due to its various health-promoting properties, and it has been in-
creasingly used as food and cosmetic ingredients. To utilize the S. quelpaertensis leaf efficiently, the
preparation method for phytochemical-rich extract (PRE) using the leaf’s residue was previously re-
ported, which was produced after hot water extraction. This study was undertaken to evaluate the
anti-oxidant and anti-inflammatory potential of PRE and its solvent fractions. The ethyl acetate frac-
tion of PRE (EPRE) showed higher DPPH, ABTS, and superoxide radical scavenging activities, and
it effectively inhibited intracellular reactive oxygen species (ROS) and nitric oxide (NO) production in
lipopolysaccharides (LPS)-stimulated RAW 264.7 cells. EPRE also induced the expression of heme oxy-
genase-1 (HO-1) by increasing the level of nuclear factor E2-related factor 2 (Nrf2) in a nuclear
fraction. The inhibiting effect of EPRE on LPS-induced NO production was partially reversed by the
HO-1 inhibitor (zinc protoporphyrin, ZPP), suggesting that HO-1 is involved in suppressing NO
production. Taken together, the results suggest that EPRE has potential as a promising anti- oxidant

and anti-inflammatory agent.
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form (CHCls, ethyl acetate (EtOAc), n-butanol (BuOH) %<
2 2Y% F 54 dzxste] @ ALt

HPLC £4
PRES} ogh& B &9 AESFEY TaFs vusy] p-
coumaric acid®} tricing AFAE T MAs HPLC

(Waters Corp., Milford, MA) §H 2.2 B4} Th14]. A&
A8 B2+ Sunfire™ Cis column (4.6x250 mm LD., 5pm
particle size)S AH&3FAIL o] &S Acetonitrile (A)2F 1%
acetic acid (B)& At&3t4 0.8 ml/min & X202 AL
AE APt ol 53 24L& 71&71 &S AHEEto %2
7N12AOE o] FH AE 15%E A3k 4008 T 425%
H3A 7)1 T 4012 58 T 100%= Sl F 27127
o2 o 1087 FAHT A8sE 50 mg/mlY FEE
DMSO/MeOH (v/v, 1/1)& &35t 0.45 um syringe filter
2 o33 & AFARFUYE ol 838k 10 ¥ FAsHG T
AZEAY FFL9L 005 01, 05 mg/mle FE& A =3}
o Ngst L3 =4 st HFF AL FREE Hlust

of 483t

&Htst gy

DPPH (1,1-diphenyl-2-picrylhydrazy) 24 &4 2 A&
96 well plateo] 100 pl¥ #F3t3 04 mM DPPH §94& &
A7h ot A2oA 1087 HAF ¥ 517 nmol A FE=
Z 439tk ABTS (2,2-azino-bis-3-ethylbenzothiazoline-6-
sulphonic acid) 24 %4 -& 7 mM ABTS9} 245 mM ammo-
nium persulphate® &% E&3te] 100 ul? A=l H7Hg
T Ao A 1087 A T 735 nmol A FFEE SH 3
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2233 T Superoxide 4271242 phenazin methosulfate
(PMS), nicotinamide adenine dinucleotide (NADH), nitro-
blue tetrazolium (NBT)o| 98t Tris-HCl bufferét A &
HEAZ F 560 nmAlA FREE FAsH] AT
Xanthine oxidase 9 A &4 A Z9 0.5 mM xanthine$} 1
mM EDTAE #r3 200 mM sodium phosphate buffer
(pH7.5) 100 plell 30 mU/ml xanthine oxidase® 3713t ur-
ic acid 44 FE39 2290 nmol A FHE=E S5 4

ERlp e

ROS, NO 44 x| &4 I MZ=H

RAW2647 Al ZZ 96 well plated] &% 7} 3x10° cells/
ml 7} §E2 £33 5 LPS (200 ng/ml)t A EE #7}5Hd]
A4AZE Wi AZ WA A4de ROsSe HMEE 2,

7' -dichlorofluorescin diacetate (DCF-DA)Z 30%7 @43 &
22 dn Ao g AFsPch NO AL A =Zujekd 100
ulé Griess reagent (1% sulfanilamide and 0.1% naphthyle-
thylenediamine dihydrochloride in 5% phosphoric acid) 100

g E3ste] doA 158 ¢ w342 F microplate
reader (Epoch, BioTek, USA)E ©] &3} 540 nmol| A §3 =
€ Z43Ath NO B4 %2 sodium nitrateZ FFF4 &
Aol HEASIT. ALFHL MIT (5 mg/m) A% 10
ws 9 247 S w3l & DMSO9 £33 micro-
plate reader (Epoch, BioTek, USA)E ©]&-3Fo] 595 nmoi A
FAEE 243 4FsdT.

Nuclear protein extraction

RAW264.7 A ZE 100 mm disholl HZ% %7} 2x10° cells/
ml7} H 55 £33 H 37T, 5% CO; incubatordl| A 244 7t
ke F ANEE Astdth AlgAE F 143 $ LPS (200
ng/ml)E A2t 0% 5 W EFT &, PBSE A H st Al
XE A& pellets Atk o 2 Axd gulge
nuclear extract kit (Active motif, USA)E Ab&-3to] #2353
=3

Western blot analysis

A 20-30 ugs sample buffers} 410] 95T ol Al 5&3t
%9 ¥, 10% SDS-PAGEE & th+, PVDF membrane®.
Z transfer & & 5% skim milkel| A 147t &2t blockingdt %
t}. 12} A (iNOS, COX-2, HO-1, Nrf2, B-actin, Lamin Bl)&
4CellA overnight ¥H-&A 21 ¥ TBS-T (Tris-buffered saline
and tween-20) buffer2 1023t 33 A A3 G 1, 23 A=
1:10,000°.% 3|4 3te] 1413 F¢k 2o A wh-e-A 2t T
A& TBSTE 1023t 33] A% 3 ¥ membrane®] ECL (WEST-
ZOL Plus, iNtRON, Korea) A%< A g3t HZ3t A
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DPPH radical 244, ABTS radical 527']% 3, superoxide
radical 24 &4, 18] 1 xanthine oxidase & A A4S ICs%k
O 2 H et tH(Table 1). &4 3 PRE £8& FollA oo}
AH o] E 3-8 & (EPRE)°] DPPH 27 84 (ICs = 40.4+0.7 1
g/ml), ABTS 2784 (ICx = 107+13 pg/ml)°] 714 43}
Ath PRE F2E2XE FEES AZ54E YeY AT (data
not shown), EPREE M Z5A4& UE A domA FHe
superoxide &2 4 (ICs = 70.1+6.7 ug/ml), xanthine oxi-
dase %A B4 (ICx = 163125 ng/ml)< e T EPRE
7HLPS #=% ROS A4 oW 9&F< vA=A £4
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i-Hexane = It = —
Standard a4 -
200 40 L0 SO0 1000 1200 1400 1600 1800 VM 200 MO O MO WE RO MO NW WM 400 200 G0 S0 @M 00 &2
e

PCA  %RSD Tricin %RSD PCA %RSD Tricin %RSD

Hexane : : 036 234 0.40 312 1.20 1.02

CHCl; 144 134 8.44 0.89 0.60 134 1364 129

EtOAc 1376 096 3.04 125
BuOH 152 || 072 = 5

27.28 3.07 25.92 3.24
1.60 0.52 0.28 0.97

Fig. 1. HPLC chromatogram of PRE fractions (upper) and comparison of two phytochemical contents in PRE and ethanol fractions
(low). EtOH extract, 70% ethanol extract; RT, retention time; %RSD, relative standard deviation.
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Table 1. Anti-oxidant activity, NO production inhibitory activity, and cytotoxicity of PRE and its fractions

In vitro antioxidant activity (ICso,ug/ml) RAW?264.7 cells
E DPPH radical ~ ABTS radical Superlo xide Xarllthlne NO production .
xtract . . radical oxidase < hibit Vi Cytotoxicity
scave.ngmg scave.n.gmg scavenging inhibitory inhibitory activity (TCx, ng/mi)
activity activity L .. (ICs0,ug/ml)
activity activity
PRE 160.5+2.0 75.549.7 90.6%8.0 15.7+11.5 59.1+7.4 304.5+18.8
n-Hexane fraction 760.0+17.4 366.5£39.2 81.2+13.5 441 +10.1 85.2+5.7 205.4+12.8
Chloroform fraction 300.4+18.9 76.1£11.5 37.9+7.6 23.615.5 419442 206.9+38.5
Ethyl acetate fraction 40.4+0.7 107+ 1.3 70.1£6.7 16.3+12.5 33.9+1.8 48494143
(EPRE)
n-Butanol fraction 56.7+4.9 209+ 0.5 105.3£7.8 109.8+10.8 3674+11.6 N/A
Aqueous fraction 850+0.9 350+ 24.7 N/A N/A N/A N/A

Cell were treated with LPS (200 ng/ml) in the presence of various concentration of sample for 24 hr. The amount of nitrite in
the culture medium was determined with Griess reagent. The ICsy values were calculated from regression lines using five different
concentrations in triplicate experiments. Each value is the average + S.D. of triplicate determinations. ICs is the concentration produc-
ing 50% inhibition of NO production in RAW 264.7 cells. TCs is the concentration producing 50% toxicity in RAW 264.7 cells.
* 1 Can’t calculate the value of ICs.

A, AEE uet o] AZu ROS Aol BA T A A

o e , -— - iNOS
E AL 39T 5 AATHFg. 2).
PAAZE RN FYT ARE ALTH A Rolu S—S COX-2
A M Zo A BHF cytokinesol ¢3) 248 H o] TNF-q, PrActin
_ 16
NO, PGE; 53 2& 849 #u§ 249t Nox 24 B | :
Ao suR, AFAEE AE YA QxS Ade g
59 344 715 244 B, 22 dEHEAE L
iNOSel 98} #HaFe} NO7H s o] Felzae £48 f5  2£ .
é 4 . -
2 s -
LPS = + + oL e ! e
EPRE 0 pg/ml 0 pg/ml 100 pg/ml c "
b T
DAPI 22,
SE T
é : ’J_‘
2
o |
DCF-DA =~ + + + + LPS(200 ng/ml)

0 0 2

h

50 100 EPRE(ug/ml)

Fig. 3. Effect of EtOAc fraction (EPRE) on the expression of iNOS
and COX-2 in LPS-stimulated RAW 264.7 cells. (A) Cell
were treated with LPS (200 ng/ml) alone or LPS plus the
indicated concentrations of sample for 24 hr. iNOS, COX-2
protein levels were determined by western blotting.

Merged

Fig. 2. Effect of EPRE on intracellular ROS production in LPS- Quantification of iNOS (B), COX-2 (C) protein expression
stimulated RAW 264.7 cells. Cell were treated with LPS was performed by densitometric analysis. The relative
(200 ng/ml) alone or LPS plus the indicated concen- level was calculated as the ratio of iNOS, COX-2 protein
trations of sample for 24 hr. The cells were stained with expression to [B-actin protein expression. The lower panel
oxidation sensitive dye, 2,7"-dichlorofluorescin diacetate shows the quantified results (mean + SEM, n=3, *»< 0.05,
(DCF-DA) for 30 mins in the dark. The cells were exam- *#p<0.01, **p<0.001, comparison is between sample value

ined by confocal microscopy. and previous LPS alone-treated cells).
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Fig. 4. Effect of EPRE on HO-1 mRNA (A) and protein expression (B) in LPS-stimulated RAW 264.7 cells. (A) Real-time PCR.
(B) Western blot analysis. Quantification of HO-1 protein expression was performed by densitometric analysis. The relative
level was calculated as the ratio of HO-1 protein expression to B-actin protein expression. The lower panel shows the quantified
results (mean SEM, n=3, *p<0.05, **p<0.01, **p<0.001, comparison is between sample value and previous LPS alone-treated

cells).
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Nrf2
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Fol vjA= FE BYT A, EPRES 55 242
HO-19] 28 &S Fo2os 7S 298 5+ U3
(Fig. 4).

gikst Ao WS 2-se Nrf2v Keaploll Z23g
H 245 A2 Az EAskA T, 5k &S o
KeaplZF-E £g& o] Y& o]F3std HO-1 49 an-
ti-oxidant response element (ARE)dl| 2332 2% HO-1

+ LPS(200 ng/ml)

AR 2EE 243091 ¥ A Yvh23]. EPREZ} Nrf2E &
Al v = dFS 2AS A3, EPRES 5% JEHOR
Nrf2 Sl do] AZZAFEH PO 7 o5 F7HA7E 2
S 3l & 4 A ThFg 5A). ©] A= EPREZF Nif2 B2 &
235 HO-19 23L& $23gs AL dA g ZT).
EPREY] ¢3¢ HO-1 &do] NO Aol vA& F3& &4
3}7] 938t HO-1 inhibitor?! ZPPE A El3te] HO-1 ¢d&
B 25
20 — =
%15
g 10
5 H
" [1]
100

. 100  EPRE(pg/ml)
: = - + ZPP(10 pM)

Fig. 5. Effect of EPRE on nuclear translocation of Nrf2 (A) and effects of ZPP on NO production (B) in LPS-stimulated RAW 264.7
cells. (A) Cell were treated with LPS (200 ng/ml) alone or LPS plus the indicated concentrations of sample for 6 hr. Nrf2
levels were determined using western blotting method. (B) HO-1 mediates the suppressive effect of EPRE on LPS-stimulated
NO production. Macrophages were pre-treated for 1 hr with EPRE (100 ug/ml) in the presence or absence of ZPP (10 uM),
and stimulated for 24 hr with LPS (200 ng/ml). Data represent mean values of 3 experiments S.D. **p<0.01.
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